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EPRI FORWARD

Industry water chemistry guidelines are updated periodically as new information becomes available.
Previous versions of these guidelines have identified a detailed water chemistry program that was
deemed to be consistent with the then current understanding of research and field information. Each
version, however, has recognized the impact of these Guidelines on plant operation and has noted that
utilities should optimize their program based on a plant-specific evaluation prior to implementation.
To assist in such plant-specific evaluations, Revision 4, issued in November 1996, provided an
increased depth of detail regarding the corrosion mechanisms affecting steam generators and the
balance of plant, and provided additional guidance on how to integrate these and other concemns into
the plant-specific optimization process. Revision 5 retains the revised format of Revision 4, and adds
to the detailed information contained in Revision 4. The sections of Revision 5 cover the following:

Section 1 identifies Management Responsibilities. It also describes which portions of the
Guidelines are mandatory under NEI 97-06, Steam Generator Program Guidelines.

Section 2 presents a compilation of corrosion data for steam generator tubing and, to a lesser
extent, balance-of-plant materials. It is not intended to relate operational bulk water chemistry to
the corrosion phenomena, which is covered in Section 3. The corrosion data presented in Section
2 serve as the technical bases for each of the specific parameters and programs detailed in the
balance of the document.

Section 3 discusses the role of the concentration processes in the various locations of the steam
generator and the chemistry “tools” available for modifying the resulting chemistry within these
concentrating regions. It briefly identifies the supporting aspects of and the considerations for
adopting these chemistry regimes. It refers the reader to more detailed documents for application
of the chemistry strategies. It has been revised to provide a detailed discussion of the integrated
exposure concept.

Section 4 presents a detailed methodology for performing the plant-specific optimization that can be
used to develop a modified chemistry program that satisfies site-specific concerns. Section 4 also
presents example startup and operating chemistry parameters and limits that can be used as a
starting point for site-specific evaluations.

Sections 5 and 6 present water chemistry programs for RSGs and OTSGs, respectively. These are
the sections most frequently referred to by chemistry personnel. The tables contained within these
sections provide boundaries of the envelope within which plant-specific optimization should
occur.

iii



Section 7 provides information on data collection, evaluation, and management. This section
covers use of EPRI chem WORKS™ modules for evaluating plant data and predicting high-
temperature chemistry environments throughout the cycle.

Appendix A provides detailed guidance with regard to use of the integrated exposure concept.

These Guidelines were produced by the Committee with support from an industry Technical Review
Team and the technical committees of the Steam Generator Management Project. Key technical
changes in this revision include:

iv

Guidance was added in Section 1 and in Sections 5 and 6 to clearly indicate that the only portions
of the Guidelines that are mandatory under NEI 97-06 are 1) the control parameters in Sections 5

and 6, and 2) having a Strategic Water Chemistry Plan. Wording changes were made throughout

the Guidelines to make clear the non-mandatory nature of the remaining guidance.

The Guidelines have been revised to more clearly indicate that the intent is that all control
parameters listed in Sections 5 and 6 be measured using equipment and techniques that provide a
reliable or "representative” indication of the measured parameter. The main reason for this change
was a growing realization that current equipment and techniques used for measurement of
feedwater oxygen are, at many plants, not representative, i.e., do not provide accurate estimates of
the actual feedwater oxygen content. Section 7 was revised to provide guidance on how to verify
that the feedwater oxygen measurement is representative.

Sections 5 and 6 were revised to allow condensate dissolved oxygen to be treated as a diagnostic
parameter, rather than a control parameter, if the feedwater oxygen measurement has been shown
to be representative and the plant does not have copper alloy feedwater heater tubing. An Action
Level 2 for feedwater oxygen was also added to both Sections 5 and 6.

The Guidelines, including Sections 5 and 6, were revised to indicate that reducing oxygen to as low
as possible may not be desirable, and that maintaining a minimum oxygen level of 1 or 2 ppb in the
condensate may help to reduce iron transport.

Section 6, which covers water chemistry guidelines for OTSGs, was substantially revised to reduce
Action Levels for impurities such as sodium, chloride and sulfate and to make it more consistent
with the format of Chapter 5, which covers water chemistry guidelines for RSGs.

All of the sections were reviewed and revised to reflect experience gained and information learned
since issuance of Revision 4.

Section 2 was revised to briefly discuss startup oxidant concerns and to reference the Sourcebook
on Limiting Exposure to Startup Oxidants.

Section 3 was revised to provide a detailed discussion of the integrated exposure concept.
Integrated exposure was added as a diagnostic parameter to Sections 5 and 6, which cover water



chemistry guidelines for recirculating steam generators and once-through steam generators,
respectively. '

¢ Limits on pH during layup in Sections 5 and 6 were revised from = 9.8 to 2 9.5. This change was
based on a review of technical data which showed that there is no strong technical reason to keep
pH 2 9.8, and the fact that a pH limit of 2 9.5 is more compatible with use of carbohydrazide.

* Section 7 was substantially revised to provide more details with regard to optimization considering
economic factors, effectiveness of the measured parameters, and the key analyses required for
assessing chemistry programs.

This revision of the Guidelines continues the approach of helping utilities maintain a proactive
chemistry program to limit or control steam generator degradation with increased consideration of
corporate resources and plant-specific design/operating concemns.

Peter J. Millett
Chairman
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1

INTRODUCTION AND MANAGEMENT
RESPONSIBILITIES

1.1 Introduction And Objectives

Water chemistry programs have been established for operating pressurized water reactors
(PWRs) to minimize corrosion concerns. It is recognized that there is no single water chemistry
program that provides acceptable corrosion risks and satisfies corporate business objectives. The
objective of this document is to provide guidance on determining and implementing a set of
plant-specific water chemistry requirements for the secondary cycle of PWRs. Accordingly, this
document presents the corrosion data that provides the technical bases for water chemistry
control (Section 2), the various water chemistry control strategies that are available (Section 3), a
recommended methodology for plant-specific optimization (Section 4), generic water chemistry
guidelines for RSGs and OTSGs (Sections 5 and 6, respectively) and suggested data collection,
evaluation, and management techniques (Section 7).

In addition, the US nuclear power industry established a framework for increasing the reliability
of steam generators by adopting NEI 97-06, Steam Generator Program Guidelines. This
initiative references EPRI’s Water Chemistry Guidelines, including this document, as the basis
for an industry consensus approach to chemistry programs. Specifically, the initiative requires
that US utilities meet the intent of the EPRI PWR Secondary Water Chemistry Guidelines. The
focus of the NEl initiative is steam generator integrity. These Guidelines are a support document
under NEI 97-06. These Guidelines include control parameters and monitoring requirements
which must be incorporated into a plant's water chemistry program in order to meet the intent of
these guidelines. Section S for RSGs and Section 6 for OTSGs address the specific requirements
of the secondary water chemistry program relative to the NEI initiative. These sections provide
utilities with specific details on the “directive portions” of these Guidelines that must be
considered to meet the intent of the NEI initiative. Utilities must document exceptions which
are less restrictive or less conservative than the control parameters of the Guidelines, as found in
Sections 5 and 6. Utilities must develop a Strategic Secondary Water Chemistry Plan in response
to Section 4 to these guidelines. This plan is intended to be a living document which is approved
by utility management. Development of the Strategic Secondary Water Chemistry Plan is
necessary to meet NEI 97-06.
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Introduction and Management Responsibilities

1.2 Water Chemistry Management Philosophy

Nuclear station management is charged with generating safe, reliable, and low-cost electric
power. Management is periodically faced with a choice of either keeping a unit available to
produce power to meet short-term system demands or maintaining good control of chemistry to
help assure the long-term integrity of the steam generators, balance-of-plant (BOP), and turbines.
To effectively deal with these concerns, it is important that all levels of utility management
understand that a successful chemistry program must ensure compliance with regulatory
commitments and with established industry guidelines for system/materials integrity, while
meeting the economic demands of power generation. Management must understand that
operation with off-normal chemistry may result in loss of availability of that unit and that this
long-term loss of availability can be minimized by limiting the magnitude and duration of off-
normal chemistry. Utility management must support the chemistry guidelines both in principle
and in detail at all levels to ensure their effectiveness. The goal should be to extend the operating
life of the steam generators, BOP components, and turbines, while providing an acceptable level
of unit availability.

The information presented in this section is based on observations that operating and
maintenance philosophies with regard to chemistry can significantly affect major component life
span. The philosophy and policies discussed reflect the desire to operate in a proactive rather
than a reactive mode. The costs associated with maintaining secondary water chemistry within
these industry recommendations are likely to be less than those associated with the repair or
replacement of steam generators or large turbine rotors and the outages associated with those
efforts.

While it is recognized that variety among individual utility organizations exists, there are basic
goals and functions common to all. This section addresses key management considerations but
makes no attempt to specify how they should be integrated into a specific organizational
structure. Additional organizational and administrative guidelines are presented in the INPO
Guidelines for Chemistry at Nuclear Power Stations, Rev. 2 (INPO 88-021, Rev. 2). Utility
personnel are encouraged to combine the recommendations in this section with the INPO
recommendations when developing/revising their site-specific programs.

This version of the Guidelines addresses research results and operational experiences that have
developed since publication of Revision 4. Incorporated by reference are several EPRI
application guidelines that are used to help implement some of the chemistry control strategies
discussed in the sections.

1.3 Generic Management Considerations

This section lists and discusses the considerations which are common to most utilities, including
the elements of organizations which are needed to carry out the water chemistry program
effectively. Actions are identified without specifying responsibility for completing them.
Utility-specific implementation policies and procedures should assign the responsibilities to
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Introduction and Management Responsibilities

specific positions within the organization. One major element of these Guidelines is the need for
every level of management to understand the importance of the action levels presented in
Sections 5 and 6 and their potential impact on, and benefits to, the utility company. In addition,
there is a need for management to support a data collection, evaluation and management system
similar to the approach discussed in Section 7.

1.3.1 Policies

An important ingredient of a successful management plan for secondary water chemistry control
is a set of specific written pohcles which implement these operating Guidelines. Each policy
should:

a. State the need for the policy
b. State the corporate goal regarding secondary water chemistry and station operation
Highlight corporate management support for the policy/procedure

oo

Assign responsibility for:
— Preparation and approval of procedures to implement the policy

— Assessment of the effectiveness of chemistry control in minimizing steam generator
degradation

— Monitoring, analysis, and data evaluation for the chemistry program

— Surveillance and review functions

— Corrective actions
¢. Establish the authority to:

— Carry out procedures

— Implement corrective actions

— Resolve disagreements
Procedures implementing these policies normally are separate documents but should, when taken
together, contain the level of detail necessary for personnel at all levels to understand and carry

out their responsibilities. For plants under construction these procedures should cover both
design and operation of the power plant.

The potential for control of operating chemistry is determined during the design phase of a
nuclear power plant. As construction of the plant proceeds, the operating procedure options may
be limited. Preoperational modifications or equipment additions may be identified as necessary
to meet state-of-the-art technology. Post-operational modifications to improve chemistry control
should also be considered, when judged to be cost effective.

Utility personnel responsible for plant design in chemistry related areas should:
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a. Understand steam generator design, secondary system materials of construction, and the
operational chemistry relationship.

b. Ensure that the system design is reviewed by experienced plant operating personnel, vendors,
and/or consultants, as appropriate. o

During the operating phase, the steam generators and turbines are particularly sensitive to water
and steam chemistry/purity. Operating procedures should address:
a. Chemistry control limits and corrective action requirements.

b. A plant-specific chemistry monitoring/surveillance program to assure that chemistry
excursions are quickly identified.

¢. Detailed chemistry procedures containing action levels, specific responses to each action
level, and corrective action notification and responsibilities.

d. Plant approved analytical procedures to ensure accurate laboratory results.

e. Provisions for data review to assure program implementation.

1.4 Training and Qualification

A program for periodic (continuing) training of all personnel involved with secondary water
chemistry control should be established. This program should incorporate the latest information
available from EPRI, other utilities, and the steam generator/turbine vendors. Some
indoctrination in the basics of the program should be considered for all employees who, by virtue
of their job responsibilities, can affect water chemistry.

The training programs should be designed for the level and qualifications of personnel being
trained. The following elements should be included:

a. A clear statement of the corporate policy regarding secondary water chemistry control,
including clarification of the impact of this policy upon the various areas of responsibility.

b. Identification of the impact of poor chemistry control on major component performance, unit
availability, and corporate economic performance should be emphasized.

c. Techniques for recognizing unusual conditions and negative trends should be addressed,
particularly for the station chemists and laboratory technicians. Potential corrective actions
and their consequences should be thoroughly discussed.

d. The interaction of system operations and chemistry.
1.5 Summary
It is recognized that a specific program applicable to all plants cannot be defined due to

differences in design, experience, management structure, and operating philosophy. However,
the goal is to maximize the availability and operating life of major components such as the steam

1-4



Introduction and Management Responsibilities

generator and the turbine. To meet this goal, an effective corporate policy and water chemistry
control program are essential and should be based upon the following:

A recognition of the long-term benefits of, and need for, avoiding or minimizing corrosion
degradation of major components. '

Clear and unequivocal management support for operating procedures designed to avoid this
degradation.

Adequate resources of staff, equipment, funds, and organization to implement an effective
chemistry control policy.

An evaluation of the basis for each chemistry parameter, action level and specification, as
well as those of similar guidelines.

Management agreement at all levels, prior to implementing the program, on the actions to be
taken in response to off-normal water chemistry and the methods for resolution of conflicts,
and unusual conditions not covered by the guidelines.

Continuing review of plant and industry experience and research and revisions to the
program, as appropriate.

A recognition that alternate water chemistry regimes, if used, should not be a substitute for
continued vigilance in adherence to the guidelines.



2

TECHNICAL BASIS FOR WATER CHEMISTRY
CONTROL |

2.1 Summary

This section of the secondary water chemistry guidelines discusses corrosion issues affecting
PWR steam generators and balance of plant components, with the objective of providing bases
for selecting secondary water chemistry parameters that minimize problems due to corrosion.

The objective of secondary side water chemistry control is to minimize corrosion damage and
performance losses for all secondary system components and to thereby maximize the reliability
and economic performance of the secondary system. To achieve this objective, the water
chemistry has to be compatible with all parts of the system including steam generators, turbines,
condensers, feedwater heaters, moisture separator reheaters (MSRs), and piping. The variety of
materials used in the many components in typical secondary systems, and the range of
temperatures, pressures, phases, and velocities place constraints on the selection of water
chemistries for secondary systems.

Corrosion of steam generator tubes has been the major issue affecting selection of secondary
water chemistry parameters. However, corrosion and flow assisted corrosion (FAC) of steam
generator internals and other secondary system components are also important concerns.

Corrosion of steam generator tube materials is mainly affected by the following water chemistry
related factors, in addition to non-water chemistry factors such as material susceptibility,
temperature and stress:

« pH - Corrosion of several different types, including intergranular attack/stress corrosion
cracking (IGA/SCC) and pitting, are strongly affected by the local pH. High pH (caustic
conditions) and low pH (acidic conditions) accelerate the rates of IGA/SCC.

 Electrochemical Potential (ECP) - The ECP is a measure of the strength of the oxidizing or
reducing conditions present at the metal surface. The occurrence and rate of corrosion
processes are strongly affected by the ECP. Secondary side SCC in tube alloys tends to be
accelerated by increases in ECP, i.e., by the presence of oxidizing conditions.

« Specific Species - Certain specific species accelerate corrosion of tubing alloys. Partly this is
a result of the effects of the species on pH and ECP. In addition, some species, such as lead
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and reduced sulfur species (.e.g., sulfides), appear to interfere with formation of protective
oxide films on the tube metal surfaces, and thereby accelerate corrosion, independent of
influences on pH or potential.

The above factors have been most thoroughly explored for mill-annealed alloy 600 (G0O0MA).
Tests indicate that the other tubing alloys, i.e., stress relieved alloy 600 (600SR), thermally
treated alloy 600 (600TT), nuclear grade alloy 800 (800NG) and thermally treated alloy 690
(690TT), exhibit similar tendencies. However, the corrosion rates in these other alloys are
generally lower than those exhibited by 600MA, with 690TT generally exhibiting the lowest
susceptibility.

Water chemistry selected to protect steam generator tubes appears to be satisfactory for most
balance-of-plant (BOP) components such as turbines. The main corrosion concerns in the BOP
that affect secondary system water chemistry are flow assisted corrosion (FAC) of carbon steel
piping and tubing, and ammonia attack of copper and copper alloy tubes. FAC is mainly
influenced by the at-temperature pH and oxygen content around the secondary system. Ammonia
attack of copper alloys is mainly influenced by the concentrations of ammonia and oxygen at the
copper alloy locations.

Once-through steam generators (OTSGs) have different thermal hydraulics and tube materials
than recirculating steam generators (RSGs). These differences have led to OTSGs having
somewhat different tube corrosion experience than RSGs of the same vintage. For the most part,
OTSGs have experienced somewhat lower rates of tube degradation. However, significant IGA
has been detected in the upper bundle free spans of several units, especially at scratches, and
steam generator replacement is planned at several units. The mechanisms involved in the IGA
are under investigation, and the relationships between the IGA and water chemistry are not as yet
established. '
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3

WATER CHEMISTRY CONTROL STRATEGIES

3.1 Introduction

Section 2 discussed the corrosion mechanisms that can lead to degradation of steam generator
tubing, with specific emphasis on the corrosion of alloy 600MA. Section 2 also noted that alloys
600SR, 600TT, 800NG, and 690TT are subject to the same corrosion mechanisms as alloy
600MA, though somewhat more resistant. This section presents a variety of chemistry control
strategies that can be used to adjust those parameters that were shown to accelerate corrosion of
steam generator tubing materials. Included in this section are:

ALARA Chemistry Control

Molar Ratio Control (MRC)

Low Power Soaks

Elevated Hydrazine

pH and ORP Optimization to Minimize Iron Transport
Elimination of Specific Impurities

Boric Acid Treatment (BAT)

Injection of Corrosion Inhibitors

Steam Generator Chemical Cleaning

Sludge Lancing

Before discussing these options, this section will first discuss the role of the localized
concentration processes. It is believed that the localized concentration factors achieved in flow-
occluded regions are responsible for development of localized chemistry environments that are
quite different from bulk water chemistry. :

3.2 Role of Concentration Processes

Chemistry is controlled outside the steam generator to limit transport of impurities into the steam
generator. Most impurities are at or near their minimum detectable concentrations by traditional
analytical techniques. When the impurities increase above preset concentrations, actions are
taken by station personnel that may include reduced power operation or plant shutdown. These
Action Levels and associated concentrations are described in detail in Sections 4, 5 and 6. All of
the chemistry parameters controlled during normal operation are based on room-temperature
analyses of cooled samples of condensate, feedwater or steam generator blowdown. Despite the
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various sample locations to which Action Levels are applied, all species are controlled based on
their impact on the various steam generator, BOP and turbine corrosion processes.

It is understood by most that the concentrating effects of the steam generators are necessary to
produce localized environments that are aggressive to steam generator tubing materials.

3.3 Contro! of Steam Generator Deposits

Corrosion products deposited in steam generators may develop flow-occluded crevices where
bulk water can concentrate in a thermodynamically-limited fashion. There is also a correlation
between the location of pitting and wastage and the sludge deposited on the top of the tubesheet.
Hence, the presence of corrosion product deposits are considered a precursor to the development
of environments where localized chemistry can be a contributor to corrosion. (Note that tube-to-
support contact locations also can be regions where concentrated solutions develop even in the
absence of deposits.) An additional concern with deposits is that they can be oxidized during
layup, especially under uncontrolled drained conditions, increasing the risks of undesirable
oxidizing conditions being present in localized areas during subsequent operation. For this
reason, the time that steam generators are in uncontrolled drained conditions should be
minimized.

The first line of defense against deposit induced problems is to minimize the ingress and
accumulation of deposits by appropriate water chemistry controls, as discussed earlier in this
section. However, despite rigorous water chemistry control, undesirable amounts of deposits can
accumulate. Techniques to remove such deposits include sludge lancing and chemical cleaning.

3.4 References

1. The ASME Handbook on Water Technology for Thermal Power Systems, Paul Cohen,
Editor-in-Chief. The American Society of Mechanical Engineers, New York, New York. 1989.

Section 6.3, Allen J. Baum, Editor.

2. P. Cohen, Water Coolant Technology of Power Reactors, American Nuclear Society,
New York. 1969.

3. P. V. Balakrishnan, et al, “Hideout of Sea Water Impurities in Steam Generator Tube

Deposits: Laboratory and Field Studies,” Proceedings of the Seventh International Symposium
on Environmental Degradation of Materials in Nuclear Power Systems - Water Reactors, v1,p -

375, NACE, 1995.

4. ©  PWR Molar Ratio Control Application Guidelines, Volume 1: Summary, Electric Power
Research Institute, Palo Alto, Calif.: Research Project S520 Final Report. November 1995. TR-

104811-V1.

5. Hideout and Return of Complex Mixtures in Crevices, EPRI NP-7494, September 1991.
3-2



Water Chemistry Control Strategies

6. C. Fauchon and P. J. Millett, “Application of Modeling Local Chemistry in a PWR Steam
Generator,” Secondary Water Chemistry Guidelines Revision Meeting, Washington D.C., 1999.

7. Development of a Steam Generator Heated Crevice Monitor, EPRI TR-108755, Nov.
1998.

8. P. V. Balakrishnan, “Hideout and Return of Complex Mixtures in Crevices,” EPRI
Report NP-7494, 1991.

9. F. Gonzalez and P. Spekkens, “Concentration Processes under Tubesheet Sludge Piles in
Nuclear Steam Generators,” Nuclear Journal of Canada, vol 1:2, 129-240.

10.  A.J. Baum, "Restricted Geometries and Deposits,” The ASME Handbook on Water
Technology For Thermal Power Systems, P. Cohen, editor, ASME, Chapter 6.

11.  J. G.Cleary, G. E. Von Neida, and W. T. Lindsay, “Diffusion and Hideout in Crevices,”
EPRI Report NP-2979, 1983.

12.  P.J. Millett and J. M. Fenton, “Transport Processes in PWR Support Structure Crevices,”
Proceedings of Environmental Degradation of Materials in Nuclear Power Systems-Water
Reactors, Jekyll Island, 1989.

13.  J. Stevens, "Chemistry Strategies and Results at Comanche Peak," Proceedings: 1999
EPRI Workshop on Startup Oxidant Control, EPRI TR-112815, June 1999.

14. Evaluation of Steam Generator Chemical Hideout at the Prairie Island PWR. Electric
Power Research Institute, Palo Alto, Calif: February 1988. NP-55592.

15. Prairie Island-2 Steam Generator Hideout. Electric Power Research Institute, Palo Alto,
Calif: April 1991. NP-723.6.

16.  J.-M. Fiquet, A. Stutzmann, M. Blain, “Comparison of Hideout Tests on Different Steam
Generators.” Presented at the EPRI PWR Plant Chemistry Meeting, Lake Buena Vista, FL.
November 1, 1995. '

17.  H. Takamatsu, "Evaluation of SG Crevice Environment by Directly Sampled Method
Using an On Site Autoclave Facility,” Proceedings of the Fifth International Symposium on
Environmental Degradation of Materials in Nuclear Power Systems - Water Reactors, p752-756,
ANS, 1992,

18.  J. Lumsden, et al., "Hideout in Prototypic Tube/Tube Support Plate Heated Crevices
Using Laboratory Feedwater and Ohi-1 Blowdown," attached to minutes of May 5-7, 1999 PWR
Secondary Chemistry Water Chemistry Guidelines Meeting, issued on June 3, 1999.



Water Chemistry Control Strategies

19. P. V. Balakrishnan, "Hideout, Hideout Return and Crevice Geometry in Steam
Generators," presented at 13th International Conference on Properties of Steam And Water,
Toronto, September 12-16, 1999.

20.  P.J. Millett and F. Hundley, "Optimization of Secondary Water Chermstry inUS
PWRs," Nuclear Energy, v36, n4, p251-258, August 1997.

I'4

21. A.K. Agrawal and J. P. N. Paine, "Lead Cracking of Alloy 600--A Review," Proceedings

of the Fourth International Symposium on Environmental Degradation of Materials in Nuclear
Power Systems - Water Reactors, p7-1 to 7-17, NACE, 1990.

22. Boric Acid Application Guidelines for Intergranular Corrosion Inhibition - Revision 1,
Electric Power Research Institute, Palo Alto, Calif.: NP-5558-SL

23. Correlation of Secondary-Side IGA/SCC Degradation of Recirculating Steam Generator
Tubing with the On-Line Addition of Boric Acid, Electric Power Research Institute, Palo Alto,
Calif.: Research Project S407-07 Topical Report. August 1992. TR-101010.

24.  Tube degradation analyses performed by DEI for Ameren and SCE, 1998 and 1999.

3-4



Methodology for Plant-Specific Optimization

4

METHODOLOGY FOR PLANT-SPECIFIC
OPTIMIZATION

4.1 Introduction

Due to the wide range of conditions and materials of construction in the secondary system, no
single optimum water chemistry program can be specified for all PWRs. As such, a site-specific
optimized water chemistry program requires development. This program should consider factors
such as steam generator and BOP component design and operating history and use of condensate
and/or blowdown demineralizers. The overall objective of the optimization is to maximize the
total avoided costs from corrosion and other performance related issues while minimizing
operating costs. Since a cost/benefit analysis for the secondary system cannot be completed with
great certainty, the approach presented here considers the relative risks/benefits of various
chemistry programs on a component-by-component basis. It is recognized that tradeoffs exist
whereby optimization of the water chemistry program for one component (e.g. steam generators)
could negatively impact costs of operating other components (e.g. demineralizers). The relative
importance of individual components should be evaluated based on utility and plant-specific
considerations. The goal of this section of the guidelines is to provide a basis for establishing an
optimized secondary water chemistry program, not to prescribe the program in detail.

The development of a cost/benefit analysis for secondary chemistry is difficult for several
reasons. First, the long-term benefits of water chemistry cannot be easily quantified, although the
value of minimizing corrosion is well understood. For example, lower steam generator sodium
levels are expected to result in reduced steam generator corrosion. Although the potential cost
savings cannot be accurately determined, the expense of reducing sodium often can be quantified
(e.g. improved condensate polisher regeneration, etc.). In cases where the cost can be quantified
but the benefit can be assessed only qualitatively, optimization consists of pursuing the minimum
cost water chemistry program which provides the greatest expected benefit (e.g. lowest sodium
levels). In other cases, both the costs and benefits can be quantified. For example, several
alternate amines can be used for pH control in the secondary system. The costs associated with
the amine program can be determined using EPRI chemWORKS™, The value of the benefits
can be assumed as a first approximation to be proportional to the feedwater iron concentration
achievable with a given amine program. The optimum amine program then would be the lowest
cost program which achieved a target iron value. The target iron value would be determined on a
more qualitative basis. For plants using condensate and/or blowdown demineralizers, the use of
alternate amines could also increase sodium levels in the system, when demineralizers are
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allowed to remain in service beyond the amine break. Optimization of the amine program must
also at least qualitatively assess the cost of sodium in the system. This could be achieved by
establishing an upper sodium limit in the system, and determining the minimum cost amine
program which achieves both the sodium and iron targets.

The tradeoffs illustrated for the optimization of the pH control program are typical of many
secondary water chemistry programs. Optimization for one component or portion of the system
can lead to less than optimum conditions in other parts of the system. Therefore, an overall
systems approach must be taken in developing the program. To do this effectively, a ranking
system is provided in this section. The ranking system attempts to put the qualitative factors on a
firmer basis. The system considers the merits of the secondary water chemistry initiatives
presented in Section 3. Each utility must evaluate the merits of each initiative relative to plant
specific design features, materials of construction, etc. Ultimately, a utility must decide where it
sees its greatest risks and potential rewards.

It is suggested that procedures similar to those discussed in this section be applied as a basis for
the plant specific secondary water chemistry program. The plan should be reviewed at a
frequency of once every 2 years, to help assess whether strategic changes to plant chemistry or
systems are required. The “Strategic Water Chemistry Plan” should be reviewed and approved by
~ utility management. This approach will insure support from appropriate levels of management.

4.2 References
1. PWR Molar Ratio Control Application Guidelines, EPRI TR-104811, January 1995.

2. Titanium Dioxide Application Guidelines, TR-108002, Nov. 1997

3. Experience with Inhibitor Injection to Combat IGSCC in PWR Steam Generators, EPRI
TR-105003, March 1995.

4. Nishikawa et al., "Experimental Investigation of Scale Formation at Heat Transfer

Surface in PWR Secondary System,” Chemistry in Water Reactors: Operating Experience and
New Developments, pp. 579-586, SFEN, 1994.

5. W. Allmon, "Conditions for the Reduction of Sulfates,” Workshop on Sulfur Species on
the Degradation of Alloy 600 and Similar Alloys, EPRI NP-6710, March 1990.

6. J. Daret, et al., "Evidence for the Reduction of Sulfates Under Representative SG
Secondary Side Conditions, and for the Role of Reduced Sulfates on Alloy 600 Tubing
Degradation,” presented at the Ninth International Symposium on Environmental Degradation in
Nuclear Power Systems - Water Reactors, Newport Beach, California, August 1-5, 1999.

7. PWR Advanced Amine Application Guidelines, EPRI TR-102952, December 1994.
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8. Boric Acid Application Guidelines for Intergranular Corrosion Inhibition (Rev. 1), EPRI
NP-5558, Rev. 1, December 1990. ‘
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WATER CHEMISTRY GUIDELINES RECIRCULATING
STEAM GENERATORS

5.1 Introduction

These guidelines reflect current understanding of the role of chemical transport, impurity
concentrations, material selection, corrosion behavior, chemical analysis methods, and industry
practices on the operation and integrity of steam generator systems.

The guidelines included in this section represent a condensation of the technical bases from
Section 2, chemical control strategies from Section 3, and optimization issues from Section 4
into a generic program for recirculating steam generators (RSG). The current understanding
suggests that it is the “consequence” of the contaminants (i.e., the chemical mix combined with
the concentrating mechanisms in the steam generator) and the susceptibility of the alloys that
establishes the corrosion concern.

It is recognized that steam generator designs vary significantly as do company management
philosophies and economic conditions. Therefore, implementation of these guidelines requires
"customization" to ensure they are specific to the needs of a given power station.

The existing Action Levels should be viewed as boundaries of the envelope within which plant
specific optimization should be initiated, and within which plant-specific limits will often be
located. However, it is recognized that, in some cases, plant-specific considerations will result in
these boundaries being exceeded. This is acceptable, as long each deviation is appropriately
documented and justified. The discussions in the previous sections and the flowcharts and tables
of example values contained in Section 4 should be helpful in the effort to outline the appropriate
limits for each plant.

This section includes control parameters at several sampling locations for most modes of
operation. As previously indicated, the control parameter monitoring frequencies and action
levels provided in the tables throughout this section must be included in the plant’s water
chemistry program to be compliant with NEI 97-06. Justifications for exceptions which are less
restrictive or less conservative than any of these control parameters, control parameter
monitoring frequencies or action levels, must be documented in the site Strategic Secondary
Water Chemistry Plan or some other appropriate document. This requirement, in addition to the
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development of the Plan itself, comprises the prescriptive portions of these guidelines that must
be complied with to meet the "intent" of these guidelines with respect to NEI 97-06.

Typical corrective actions are recommended in several portions in this section. These corrective
actions are not meant to be all-inclusive or universally applicable and should be modified for
plant specific concerns.

This section presents specific guidelines for the addition of various combinations of chemical
additives in units with a variety of secondary system materials and demineralization schemes.
For some of these chemistry treatment and plant system combinations, extensive field experience
and test data exist; for other combinations, this is not the case. The user of these guidelines
should evaluate the information available regarding previous experience with these treatments to
make an informed decision regarding the selection of any treatment program.

Some control parameters in this section call for the parameter involved to be monitored
continuously. In the event that continuous monitoring is lost for any reason, the following
actions are suggested: 1) the inoperable monitoring system be returned to an operable status as
rapidly as practical, and 2) grab samples be taken and analyzed periodically until continuous
monitoring is restored, as described in the Strategic Water Chemistry Plan or other plant
documents.

5.2 Control And Diagnostic Parameters

The tables presented in this section include chemistry monitoring recommendations. Some of
these are titled Control Parameters and some Diagnostic Parameters.

Control Parameters are those parameters that have a demonstrated relationship to steam
generator degradation. Plant operations should support actions required to maintain these
parameters within the specified values.

Diagnostic Parameters are important to monitor the program effectiveness, identify
programmatic problems, or assist in problem diagnosis.

5.3 Action Levels

Three Action Levels have been defined for taking remedial action when monitored parameters
are outside the recommended operating range. Deviations from chemistry concentrations
normally achieved at a given station should be investigated. Action Levels prescribe values of a
parameter above which long-term system reliability may be jeopardized. Operating below
Action Level 1 values provides a greater degree of assurance that corrosive conditions will be
minimized. Action Level 2 is instituted when conditions exist which are known to result in
steam generator corrosion during extended full power (100%) operation. Action Level 3 is
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implemented when conditions exist which will result in rapid steam generator corrosion and
continued operation is not advisable.

The Action Levels and the associated chemistry limits are considered to be the first line of
defense against secondary system and steam generator degradation. However, experience has
shown that operation with impurity concentrations below Action Level limits has resulted in
significant corrosion damage at several plants. Thus, more stringent chemistry controls, more
sensitive monitoring techniques or more aggressive corrective measures may be warranted in
some plants, based on plant-specific designs, operating histories or materials of construction.
Impurity levels below which damage from all corrosion mechanisms is known to be negligible
have not been clearly established. The philosophy of operation associated with these guidelines
is that plants be operated with the lowest practicable impurity levels consistent with their
circumstances. However, it should be recognized that certain actions taken to achieve low
concentrations of impurities may cause a change in the ratio of highly soluble strong cation-to-
anion impurities in the secondary plant. Concentration of a solution with a significant imbalance
of either cations or anions in crevice regions will lead to development of caustic or acidic
environments in crevices.

Action Level 1:

Objective: To promptly identify and correct the cause of an out-of-guideline value without
power reduction.

Recommended Actions:

a. Corrective actions should be implemented as soon as possible to return parameter to below
Action Level 1.

b. If parameter is not below the Action Level 1 value within one week following confirmation
of excursion, go to Action Level 2 for those parameters having Action Level 2 values. The
lack of progressive action criteria for many parameters is not intended to imply that
remaining outside the normal range is satisfactory. In these cases, other chemical parameters,
specifically associated with known corrosion conditions, are utilized for control.

¢. For those parameters not having an Action Level 2 value, an engineering justification should
be performed for operating above Action Level 1 for an extended period of time.

Action Level 2:

Objective: To minimize corrosion by operating at reduced power while corrective actions are
taken. Power reduction should be to a level which will reduce available steam generator
superheat and heat flux in the crevices where concentration of aggressive chemicals can occur
and provide sufficient system flow to maintain automatic operation while the source of the
impurity is eliminated.

Recommended Actions:

5-3



Water Chemistry Guidelines Recirculating Steam Generators

a. Take immediate actions to reduce power to a plant-specific level and achieve that power level
within eight hours of exceeding Action Level 2 values, or as quickly as safe plant operation
permits. The power level selected, typically ~30%, is governed by safe, automatic plant
operational concerns and the need to reduce the heat flux (i.e., impurity concentration rate).
Power de-escalation can be terminated if the source of impurity ingress is eliminated and
parameter values are below Action Level 2. Escalation to full power can be resumed once
Action Level 1 values are met.

b. Return parameter to below Action Level 1 value within 100 hours of exceeding an Action
Level 2 value (or entering Action Level 2 as a result of exceeding an Action Level 1 value for
more than a week) or go to Action Level 3 for those parameters having Action Level 3
values.

c. After an Action Level 2 excursion, excluding dissolved oxygen, consideration should be
given to a hot soak or further reductions in power to promote removal of the specific
contaminant from the steam generator.

Action Level 3:

Objective: To correct a condition which is expected to result in rapid steam generator corrosion
during continued operation. Plant shutdown will minimize ingress and eliminate further
concentration of harmful impurities. Plant shutdown also will reduce further damage to the
steam generator by allowing cleanup of the impurities as a result of hideout return.

Recommended Actions:

a. Shut down as quickly as safe plant operation permits and clean up by feed and bleed or drain
and refill as appropriate until normal values are reached. Regardless of the duration of the
excursion into Action Level 3, the plant should be taken to hot or cold shutdown. The
judgment on maintaining the steam generator in a hot condition or progressing to cold
shutdown should be based on the corrosion concern imposed by the specific impurity and the
most rapid means to effect cleanup.

5.4 Corrective Actions

Typical corrective actions for various plant status modes are also presented. These corrective
actions are not meant to be all-inclusive or universally applicable but should be considered. It
should be noted that impurities may originate from within the system (weld repair, plant
modification, or component replacement, etc.) or from without (condenser cooling water leak,
makeup water contamination, etc.). Corrective actions vary accordingly.

When chemistry parameters exceed their normal concentrations, corrective actions should be
implemented. The corrective actions which should be implemented are parameter and plant-
specific. Each plant should have a predefined course of action which has been developed with
attention to specific concerns. The following actions are considered typical:
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« Identify and isolate sources of impurity ingress.
« Increase steam generator blowdown to maximum levels for removal of specific impurities.

« Increase sample and analysis frequencies for short-term trending and confirmatory analyses
of critical chemistry parameters.

5.5 Plant Conditions
There are three plant conditions addressed in this section:

1. Cold Shutdown/Wet Layup - This condition encompasses periods when the RCS is <200°F;
Modes 5 and 6 as defined by Standard Technical Specifications.

2. Heatup/Hot Shutdown (>200°F, < 5% Power) - This condition covers periods when the RCS
is >200°F but < 5% power; Modes 2, 3, and 4 as defined by the Standard Technical
Specifications.

3. Power Operation - This condition applies to all periods when reactor power is >5%; Mode 1
in the Standard Technical Specifications.
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WATER CHEMISTRY GUIDELINES ONCE-THROUGH
STEAM GENERATORS

6.1 Introduction

The guidelines presented in this section reflect the current understanding of the roles of chemical
transport, impurity concentrations, and materials on the operation and integrity of once-through
steam generator systems. They also reflect the technical bases of Section 2, the chemical control
strategies of Section 3 and the optimization issues of Section 4.

The criteria for the establishment of the guideline parameters were:

o Impurity transport to the OTSG and main turbine should be limited to a practical and
achievable minimum.

 Impurity concentration limits are maximum values consistent with currently known corrosion
behavior of steam generator, turbine, and secondary system materials.

» Action Levels should be viewed as boundaries of the envelope within which plant specific
optimization should occur.

+ Action Level parameters can be readily quantified using currently available equipment and
procedures. :

« Guideline values are applicable to all cooling water sources. |

« The guidelines allow site-specific adaptation to be consistent with design concems and
management objectives.

Using these criteria, guidelines have been formulated which provide chemistry control while
retaining operating flexibility. These guidelines identify parameters to be measured and
recommend actions for off-normal chemistry conditions. Wherever possible, literature sources
are cited for justification.

This section includes control parameters at several sampling locations for most modes of
operation. As previously indicated, the control parameter monitoring frequencies and action
levels provided in the tables throughout this section must be included in the plant’s water
chemistry program to be compliant with NEI 97-06. Justifications for exceptions which are less
restrictive or less conservative than any of these control parameters, control parameter
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monitoring frequencies or action levels, must be documented in the site Strategic Secondary
Water Chemistry Plan or some other appropriate document. This requirement, in addition to the
development of the Plan itself, comprises the prescriptive portions of these guidelines that must
be complied with to meet the "intent” of these guidelines with respect to NEI 97-06.

Typical corrective actions are recommended in several sections in this chapter. These corrective
actions are not meant to be all-inclusive or universally applicable and should be modified for
plant-specific concemns.

Because of the operating characteristics of the OTSG, secondary plant water chemistry
requirements differ from those of a recirculating steam generator. This is particularly true during
power operation (i.e., >15% reactor power) since there is no blowdown from an OTSG. In
addition, since some impurities transported to the OTSG via the feedwater are transported almost
quantitatively out of the OTSG by the superheated steam, the turbine rather than the steam
generator may be the limiting corrosion concern. These guidelines assume the cycle and
equipment design is appropriate for the OTSG system (i.e., full-flow condensate polishers, etc.).

Chemistry limits, responses to abnormal chemistry conditions, and the impact of such
considerations on plant operation are discussed in this section. Four plant status modes are
considered: Cooldown/Hot Soaks; Cold Shutdown/Wet Layup; Startup/Hot Standby and Reactor
Critical at <15% Reactor Power; and Power Operation (>15% Reactor Power).

The chemistry limits and action levels are considered to be the minimum requirements for
protection against steam generator, secondary system, and turbine corrosion. The guidelines are
applicable for any cooling water source and are based upon the philosophy that plants should
operate with the lowest practicable impurity levels consistent with their circumstances.

Some control parameters in this section call for the parameter involved to be monitored
continuously. In the event that continuous monitoring is lost for any reason, the following
actions are suggested: 1) the inoperable monitoring system be returned to an operable status as
rapidly as practical, and 2) grab samples be taken and analyzed periodically until continuous
monitoring is restored, as described in the Strategic Water Chemistry Plan or other plant
documents.

6.2 Control And Diagnostic Parameters

The tables presented in this section include surveillance parameter recommendations. Some of
these are titled Control Parameters and some Diagnostic Parameters.

Control Parameters are those parameters that have a demonstrated relationship to steam
generator or turbine degradation. Plant operations should support actions required to maintain
these parameters within the specified values. Control parameters are assigned Action Level
values.
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Diagnostic Parameters are employed to monitor program effectiveness and/or to identify
programmatic problems. Diagnostic Parameters do not have assigned values/limits.

6.3 Action Responses

Three Action Levels have been defined for taking remedial action when monitored parameters
are outside the recommended operating range. Deviations from chemistry concentrations
normally achieved at a given station should be investigated. Action Levels prescribe values of a
parameter above which long-term system reliability may be jeopardized. Operating below
Action Level 1 values provides a greater degree of assurance that corrosive conditions will be
minimized. Action Level 2 is instituted when conditions exist which are more likely to result in
steam generator or balance of plant corrosion during extended full power operation. Action
Level 3 is implemented when conditions exist which have the potential to result in rapid steam
generator or balance of plant corrosion, and continued operation is not advisable.

The Action Levels and the associated chemistry limits are considered to be the first line of
defense against secondary system and steam generator degradation. Since impurity levels over
the design life of the plant below which corrosion damage is negligible have not been clearly
established, more stringent chemistry controls, more sensitive monitoring techniques or more
aggressive corrective measures may be advisable at some plants, based on plant-specific
experience. The philosophy of operation associated with these guidelines is that plants be
operated with the lowest practicable impurity levels consistent with their secondary system
design. However, it should be recognized that certain actions taken to achieve low
concentrations of the impurity may cause a change in the ratio of highly soluble strong cation-to-
anion impurities. In such cases, tendencies for forming highly acidic or caustic solutions in
crevices and on OTSG surfaces in upper regions of the bundle may increase. Of particular note
in this regard is the possible development of IGA/SCC in the stress relieved Inconel 600 tubing.

Action Level 1:

Obijective: To promptly identify and correct the cause of an out-of-guideline value without
power reduction.
Recommended Actions:

a. Corrective actions should be implemented as soon as possible to return the parameter to
within Action Level 1.

b. If a parameter has not been returned to below the Action Level 1 value within one week
following confirmation of an excursion, an engineering evaluation should be performed to
justify continuing to operate above Action Level 1.

Action Level 2:

Objective: To promptly identify and correct the cause of an out-of-guideline value prior to
shutdown.
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Recommended Actions:

a. Corrective actions should be implemented as soon as possible to return the parameter to
below Action Level 2.

b. If the parameter is not below the Action Level 2 value within 100 hours following
confirmation of the excursion, the plant should be in the hot standby condition within an
additional 24 hours.

c. An engineering evaluation should be performed to assess the cause of exceeding an Action
Level 2 value, and corrective actions taken to minimize the occurrence of such excursions
prior to returning to power operation.

Action Level 3:

Objective: To correct a condition which is expected to result in rapid corrosion during continued
operation. Plant shutdown will minimize impurity ingress and limit exposure of steam generator,
turbine and other secondary system materials to corrosive solutions. Plant shutdown will also
reduce further damage to the steam generator by allowing cleanup of the impurities as a result of
hideout return.

Recommended Actions:

a. Shut down as quickly as safe plant operation permits (typically <6 hours) and clean up by
feed and bleed or drain and refill as appropriate until normal values are reached. Regardless
of the duration of the excursion into Action Level 3, the plant should be taken to hot or cold
shutdown. Progressing to cold shutdown generally will be advisable to allow flushing of the
upper regions of the OTSG.

6.4 Status Modes

These guidelines address steam generator status defined relative to the thermal and hydraulic
conditions within the steam generator and the corresponding effects of the chemical environment.
Specifically, there are four modes addressed in the guidelines:

1. Cooldown/Hot Soaks

2. Cold Shutdown/Wet Layup (RCS <200°F) - Modes 5 and 6 of Standard Technical
Specifications

3. Startup, Hot Standby, and Reactor Critical at <15% Reactor Power (RCS >200°F, <15%
Reactor Power) - Modes 1, 2, 3 and 4 of Standard Technical Specifications

4. Power Operation (>15% Reactor Power) - Mode 1 of Standard Technical Specifications
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DATA: COLLECTION, EVALUATION, AND
MANAGEMENT

7.1 Introduction

The primary purposes of secondary cycle chemistry controls are to minimize general corrosion
and prevent localized corrosion of plant materials with the expectation of attaining the design life
of all components. With existing water chemistry guidelines the limiting condition for attaining
this goal is any process which results in concentration factors in excess of approximately 10°.
Crevice areas and dryout regions in steam generators and wet-dry transition zones in turbines
provide such concentration factors. Corroding surfaces which do not maintain a protective oxide
layer may not provide service for the design life, and corrosion products generated from
corrosion processes in the balance of plant are transported to the steam generator where
deposition may result in localized corrosion of steam generator surfaces and fouling of tubes.

. The combined effects of stress, temperature, chemical environment, and metallurgy determine
whether a specific mode of corrosion occurs. Once a particular component is installed in an
operating plant system only the chemistry environment can be modified to impact the corrosion
process, although temperature reduction is also an option with thermal penalties.

The effectiveness of the secondary cycle chemistry control program must be continually
evaluated to determine if chemistry conditions in the bulk water are minimizing or preventing
local corrosion processes. During operation, corrosion processes can only be inferred by
analyzing treatment additives, impurities, and corrosion products in conditioned samples
withdrawn from bulk process streams. Non-representative samples and matrix effects will
provide false information, and a program is necessary to address QA/QC and sampling issues.
Recent developments in modeling have enabled local conditions to be evaluated while
minimizing sampling and analytical requirements. The EPRI chem WORKS™ software is a
valuable tool for assessing local chemistry conditions.

In Sections 5 and 6, secondary water chemistry guidelines are established for units with
recirculating steam generators and once-through steam generators. Recommendations are made
for specific actions based on continuous monitoring and laboratory analysis results. Tables 7-1
and 7-2 are summaries of the continuous instrumentation recommendations for units with
recirculating steam generators and units with once-though steam generators, respectively, at
power operation. In these tables a distinction is made between the instrumentation array
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Table 7-1
Continuous Instrumentation Suggestions for Recirculating Steam Generators
Analysis Blowdown Feedwater Condensate Condensate Individual
Demineralizer Pump Hotwells
Outlet Discharge
Specific D D D D -
Conductivity
Cation C D D D D
Conductivity
pH D D - D -
. Dissolved — C - CorD* .-
Oxygen
Sodium C D D D D
Hydrazine -- C - --- --

C Recommended control parameters of Section 5.
D Suggested for rapid problem diagnosis.
* D only if plant has representative FW sampling system and no copper alloy FW heaters

Table 7-2 '
Continuous Instrumentation Suggestions For Once-Through Steam Generators
Analysis Feedwater Moisture " Cond. Cond Individual Blowdown
Separator Demin. Pump Hotwells {<15%
Drains Outlet Discharge Power)
Specific D D D D - -
Conductivity
Cation D D D D D C
Conductivity
pH D - -— - .- -
Dissolved C - D CorD* .- .-
Oxygen_
Sodium C D D D D C
Hydrazine ] -- - .- - --

C Recommended control parameters of Section 6.

D Suggested for rapid problem diagnosis.

* D only if plant has representative FW sampling system and no copper alloy FW heaters
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consistent with the chemistry control parameters of Sections 5 and 6 and the optional
instrumentation array recommended for problem diagnosis.

In addition to EPRI chemWORKST™, there are other tools available to assess local chemistry
conditions and performance of systems important to the overall chemistry control. During
shutdown, a hideout return study may provide an indication of concentration processes while the
system was operating, and subsequent inspections may indicate the extent and mode of corrosion
while the plant was operating. The chemistry environment may require modifications depending
on the result of operational chemistry, hideout return, and inspection evaluations. Mass balance
relationships can be used to evaluate impurity input sources. In turn, by understanding these
inputs, corrective measures can be taken to reduce impurity inventories and/or concentrations.
The mass balance tool can be used for ionic species as well as corrosion products. Lastly, for
plants that utilized condensate polishers and/or blowdown demineralizers, resin analyses can
provide an indication of the performance of the resins and their impact to the chemical control of
the secondary cycle.

7.2 QA/QC Considerations

7.2.1 Basis for Generating Chemistry Data of Known Quality

ASTM and other sources have developed specific standards and guidelines for QA/QC practices
that are applicable to power plant chemistry programs. The QA/QC program given in INPO 88-
021 (1) Guidelines is sufficient for chemistry control and will not be repeated here. However,
selected aspects of the QA/QC program are discussed below since they have a direct impact on
secondary chemistry control.

7.2.2 Data Management

The PWR Secondary Water Chemistry Guidelines do not give explicit requirements for a
chemistry data management system, but offer desirable features which can be incorporated into a
plant-specific system when resources become available. A main feature of a data management
system should be retrievability of results in a timely manner. Ideally, the data management
system should preferably provide for automated input from chemical process instrumentation and
manual input from grab sample analyses. A well designed chemistry data management system
should provide the following to enable reviews to identify actual and potential problems as soon
as data are generated or recorded:

« system being sampled and sample point

« plant status and operating mode (e.g., power level, blowdown flow rate, polisher
configuration, etc.)

« chemistry limits and analysis frequency

o analysis time
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« results of current and previous samples

« actions taken if limits not met (e.g., chemical additions, chéngés in blowdown flow rate or
demineralizer/polisher status, etc.)

Conceptually a state-of-the-art chemistry data management system would be capable of
interfacing with EPRI chem WORKS™ (see Section 7.5.2), linking plant data files to the PWR
Secondary Chemistry Simulator (PWRSCS) to perform automated evaluations. Other desirable
features of the data management system include:

« plot various analysis and plant parameters as a function of time, with real time plots available
from process instrumentation

« perform mass balances to determine the fate of various species in process streams

« plot QC results on control charts and evaluate the results for conformance requirements (a
separate data management system can be used to perform this function)

7.2.3 QC Considerations for Secondary Chemistry Control

An important aspect of the QC program is the analysis of QC samples to verify analytical
performance. Analysis of QC samples should reflect the matrix of the samples under analysis
unless the matrix is known not to impact the analysis result (i.e., the analysis of a QC sample in
demineralized water does not necessarily verify sulfate in a steam generator blowdown sample
under layup conditions with 500 ppm hydrazine and 50 ppm ammonia if the hydrazine and
ammonia interfere with the analysis and pretreatment to remove the hydrazine and ammonia
introduces contamination). The following are examples of matrix conditions which could impact
analysis results:

e QC samples should be p}epared in the appropriate matrix unless the matrix effect has been
shown to be negligible.

o To the degree practicable, QC samples should be pretreated in the identical manner as
samples under analysis (e.g., if samples are passed through ion exchange resin to remove
chemicals the QC samples should be treated in the identical manner to reflect potential
contamination). : :

« Samples analyzed for hideout return studies may require special considerations since high
levels of impurities such as silica and sulfate can affect analysis results (2).

A relatively simple approach to difficult matrix effects is to spike samples to increase the
parameter of interest by approximately a factor of two and determine the percent recovery.

The chemistry process instrumentation should be calibrated and maintained to the degree
necessary to provide accurate, real-time data. Additional guidance is provided in ASTM D-3864

3.

Chemicals used as treatment additives can be a source of impurities to the secondary cycle. For
example, purchasing specifications should ensure that sodium, chloride, and sulfate are limited in
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treatment additives. Impurities such as ethylene glycol should be limited in ETA or as
appropriate in other amines.

7.3 Sampling Considerations

Efforts should be made to assure that a sample is representative of the process stream or vessel of
interest. Chemistry results are no better than the validity of samples under analysis. Long
sample lines and improper sample conditioning can lead to results which have little to do with
the process stream being analyzed. Non-representative samples can result from:

« chemical reactions during transit in the sample line (e.g., hydrazine and oxygen)

« chromatographic effects of trace impurities as a result of adsorption on oxides
"« plateout of particulates

e delays in sample transport affecting sample times

A major consideration in some steam generator designs is the effect of sample location in the
steam generator. Some steam generators have provisions for sampling the downcomer region
and the blowdown, and impurity concentrations may be different at these locations, depending on
specific steam generator design. High blowdown flow rates reduce impurity levels, but in some
designs higher blowdown flow rates direct more feedwater toward the blowdown lane, and the
lower impurities are a result of analyzing samples enriched with feedwater rather than the water
in contact with the steam generator tubes.

Existing sampling systems often do not take into account design features presently considered
appropriate. Plants upgrading their sampling systems should consider improved sampling
practices such as those given by ASTM and ASME (4 - 7).

Generally, sample lines should be as short as feasible and of the smallest practicable bore to
facilitate flushing, minimize conditioning requirements, and reduce lag time and changes in
sample composition, and provide adequate velocity/turbulence. The current recommendation is
to withdraw all samples at about 6 feet/sec or more (i.e., to achieve turbulent flow) to minimize
deposition of particulates and sorption of dissolved species within tube wall deposits.
Maintaining the selected velocity is necessary to obtain a representative sample of particulates.
Other sampling considerations are as follows:

¢ Local samples are preferable for dissolved oxygen rather than remotely analyzed samples
since reactions can occur in long sample lines. This is particularly important for feedwater
samples due to hydrazine reactions in the sample line.

+ The sample line material should be compatible with the constituent under analysis (e.g., long
- runs of plastic or carbon steel tubing are inappropriate).

« Sample splitting is often used to obtain multiple streams from a single source or to provide
bypass flow to an analyzer. Changing the flow rate of one stream can change the flow
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characteristics of the othér streams in split samples and can altér the accuracy of the analysis.
A particular concern is extracting split samples for corrosion product monitoring.

« Sample taps should be located at least 25 pipe diameters downstream of chemical injection
points.

« Liquid samples should be extracted from the side of horizontal pipes or from vertical pipes.
Single-port taps are adequate if sufficient velocity is maintained to avoid deposition, whereas
multi-port nozzles can be provided to extend across a pipe diameter to obtain an average
sample of a cross section.

« Continuously flowing samples are preferred. ASTM D 3370-95 recommends the following
to ensure representative samples from streams not continuously flowing. Grab samples
should be withdrawn for analysis after flushing for a minimum of three sample line volumes
at a sample flow rate of about 6 feet/sec or more. Stagnant tanks should be recirculated for a
volume equivalent to three tank volumes prior to withdrawing a sample. These
recommendations may not always be practicable, but should be followed to the degree
possible.

« Special considerations should be given to sampling the blowdown of recirculating steam
generators where the feedwater is injected in 2 manner that directs the incoming feedwater to
the path of the blowdown extraction piping. The samples withdrawn will be enriched with
feedwater at high blowdown rates.

A major concern is sampling the steam generator during blowdown isolation or shutdown
conditions. Valid hideout return studies are contingent on obtaining a representative sample. If
the plant is at temperature during blowdown isolation, blowdown samples may not be
representative as a result of excessive sample transport times. Sample collection time should
reflect sample transport time in the sample line if delays are significant. During shutdown
periods, with or without blowdown isolation, pressure may not be available to provide sufficient
head for sample flow; local samples must be withdrawn for analysis. This is a particular concern
during layup conditions. If a recirculation pump is not used, local samples must be collected, and
purging requirements may not be defined. Replicate samples should be collected at the highest
practicable purge rate to establish sample validity. A particular concern is sampling after a
chemical addition during layup without recirculation. In this case, local samples will be non-
representative unless nitrogen sparging through the blowdown line is used. Each plant should
evaluate the above for relevance. :

7.4 Effectiveness Assessments
Integration of ISI and NDE data into the chemistry program provides a feedback loop between

station chemistry and materials performance which should focus on reducing corrosion and
extending component life. Examples of areas for consideration are:
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sludge burden in the steam generators relative to feedwater metals transport and the chemical
treatment program

deposits affecting steam generator water level in OTSGs relative to operational chemistry

pipe thinning as a result of FAC relative to the high temperature pH associated with the
chemical treatment program and condensate dissolved oxygen levels

thermal performance of the secondary systems

steam generator tube fouling and steam pressure loss relative to the chemical treatment
program

orifice fouling and operational chemistry

NDE inspection results of steam generator tubes during outages relative to
—  operational chemistry
—  cooling water ingress

—  condensate polisher and blowdown demineralizer operation and regeneration
practices

—  impurities in treatment additives
—  air inleakage
—  hideout return data

turbine corrosion issues and deposits relative to operational chemistry, particularly for
OTSGs :

An example of an assessment is relating steam generator tube corrosion modes and rates from
NDE results with

operational chemistry (e.g., molar ratio control practices, high hydrazine usage, boric acid
chemistry, impurity ingress and the sources, etc.)

hideout return evaluations

hot soak and crevice flushing practices

sludge inventory and feedwater metals transport
sludge lancing and sludge analyses

tube examinations, including deposit analyses

startup and layup practices (e.g., use of oxygenated auxiliary feedwater, flushing/cleanup
paths, etc.)

The assessment program is important is evaluating the need and potential effectiveness for
chemical cleaning of the steam generators and remedial actions to mitigate IGA/SCC.
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INTEGRATED EXPOSURE -EVALUATIONS

1.0 [Introduction

A new diagnostic parameter, integrated exposure, is being included in this revision of the PWR
Secondary Water Chemistry Guidelines. The integrated exposure term is not a new idea to the
Guidelines, nor is it a fundamental change to the way utilities view the potential harm impurities
will cause to steam generators. Compared to the concentration limits for impurities in previous
versions of the Guidelines, integrated exposure limits will allow a better estimation of the
amount of impurities which accumulate in crevices, and therefore, also a better estimation of the
relative potential harm to SGs. There is currently no correlation of integrated exposure to
corrosion rates; however, since it is widely agreed that for any pH or crevice chemistry, smaller
amounts of impurities are better, integrated exposure can be utilized on a relative scale.

It is suggested that plant personnel begin calculation of IE during startup as soon as the plant
begins to increase power assuming a linear hideout rate with power. Calculation of IE beginning
at 0% power will bound the amount of IE at low power operation and possibly provide more
insight into when impurity concentrations in the crevice cause the most risk.

The simplest method of calculating integrated exposure is to integrate the impurity concentration
over the number of days the crevice is exposed (continuous cycle length). This integration is just
the area under the curve of a plot of the time during the cycle vs. the product of concentration of
impurity and power, and is easily calculated with the use of a computer spreadsheet.
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